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Abstract Although there has been increasing research and development efforts in the
integration of science, technology, engineering and mathematics (STEM) as
well as the integration of STEM with the arts (i.e. STEAM)), little attention has
been placed on how other school subjects such as religious education (RE) can
be integrated. In some countries like England, RE is a subject taught in secondary
schools. It is a subject that aims to provide students with an overview of world
religions and worldviews from a range of perspectives including philosophy and
ethics. While RE and STEAM may seem mutually exclusive, there are common
features addressed in both. For example, the articulation of arguments—or
justification of claims with reasons and evidence—is widespread not only in
science but also in RE. As such, it involves deep exploration of justification of
why particular people hold the beliefs that they do. Furthermore, both RE and
STEAM are, by definition, interdisciplinary and lend themselves to synthesis
of new perspectives. Argumentation defined as the justification of knowledge
claims with evidence and reasons, has emerged as a significant educational
goal, advocated in international curricula and investigated through school-
based research. Surprisingly, however, the contrast of argumentation in science
and RE has been under-investigated although educators have been concerned
with the manifestation of science-religion debates in schools, particularly in
relation to topics such as evolution and intelligent design for numerous years.
Considering the importance of worldviews in education, it is worthwhile to
explore how RE might be related to STEAM education. The purpose of this
chapter is to investigate how the scope of STEAM education can be broadened
by focusing on school subjects conventionally not considered in relation to
STEAM, such as RE. Considering RE itself is a vast domain, we focus on
argumentation as an overarching theme where cross-subject integration and
collaboration can be explored. Examples from the funded 3-year OARS Project
from England are used to illustrate how cross-curricular collaboration between
teachers can be enhanced.

Keywords (separated =~ STEAM education - Religious education - Argumentation - OARS project
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Chapter 12

Broadening STEAM Education Through
Cross-Curricular Collaboration: The Case
of Argumentation in Science and Religious
Education

Sibel Erduran, Liam Guilfoyle, and Wonyong Park

Abstract Although there has been increasing research and development efforts in
the integration of science, technology, engineering and mathematics (STEM) as
well as the integration of STEM with the arts (i.e. STEAM), little attention has been
placed on how other school subjects such as religious education (RE) can be inte-
grated. In some countries like England, RE is a subject taught in secondary schools.
It is a subject that aims to provide students with an overview of world religions and
worldviews from a range of perspectives including philosophy and ethics. While RE
and STEAM may seem mutually exclusive, there are common features addressed in
both. For example, the articulation of arguments—or justification of claims with
reasons and evidence—is widespread not only in science but also in RE. As such, it
involves deep exploration of justification of why particular people hold the beliefs
that they do. Furthermore, both RE and STEAM are, by definition, interdisciplinary
and lend themselves to synthesis of new perspectives. Argumentation defined as the
justification of knowledge claims with evidence and reasons, has emerged as a sig-
nificant educational goal, advocated in international curricula and investigated
through school-based research. Surprisingly, however, the contrast of argumenta-
tion in science and RE has been under-investigated although educators have been
concerned with the manifestation of science-religion debates in schools, particu-
larly in relation to topics such as evolution and intelligent design for numerous
years. Considering the importance of worldviews in education, it is worthwhile to
explore how RE might be related to STEAM education. The purpose of this chapter
is to investigate how the scope of STEAM education can be broadened by focusing
on school subjects conventionally not considered in relation to STEAM, such as
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RE. Considering RE itself is a vast domain, we focus on argumentation as an over-
arching theme where cross-subject integration and collaboration can be explored.
Examples from the funded 3-year OARS Project from England are used to illustrate
how cross-curricular collaboration between teachers can be enhanced.

12.1 Introduction

The need for integrated approaches to curriculum and teaching is more urgent than
ever, with the realisation that traditional subject-based teaching is insufficient for
tackling the new challenges we are faced with in fast-changing society. In response,
science, technology, engineering and mathematics (STEM) has risen as an approach
to education and now it is further expanding its boundary to include ‘arts’ under the
new banner of science, technology, engineering, arts and mathematics (STEAM)
education. STEAM, as with STEM, has been initially put forward based on eco-
nomic arguments, particularly on its value for serving the changing needs of
employers and industries. In one report by UK Cultural Learning Alliance and
Nesta (2017), STEAM is described as ‘essential for creating a workforce’ as well as
for innovation, productivity, thus producing ‘a highly skilled and talented work-
force’ that can serve ‘our hugely successful creative industries’ (pp. 1-3). Although
STEM inherently captures the notion of creativity (e.g. STEM professionals need to
be creative in order to produce new solutions to problems), STEAM accounts pro-
vide a further dimension to such themes as creativity. For example, STEM profes-
sionals may be inspired by visual representations produced by artists and adapt
them in their work including in representation of models. However, there are other
potential benefits of broadening STEM into STEAM including the incorporation of
different worldviews (White, 2004) and citizenship goals (e.g. DeBoer, 1991).

In order to understand the place of STEAM in formal education, it is important
to consider the broader context of national education systems. In the context of the
United Kingdom, for instance, most pupils take only three to four subjects between
the ages 16 and 18. The narrow subject focus in upper secondary education entails
a systematic neglect of the arts and humanities subjects and in turn of the opportuni-
ties for integration of arts and STEM subjects (Nesta, 2014). Several initiatives have
been put forward in the past decade in order to draw attention at a more balanced
subject representation in the curriculum. In 2015, the British Educational Research
Association commissioned a report on the directions for research in response to the
changing nature of education across the United Kingdom, where STEAM was high-
lighted as the key to creative pedagogies for the twenty-first-century learning
(Colucci-Gray et al., 2017). Similarly, the 2013 report by the UK House of Commons
Culture, Media and Sports Committee had stated that “the crucial role of arts sub-
jects in a modern education should be recognised and that art subjects should be
added to the STEM subjects, changing STEM to STEAM” (p. 43). In many other
parts of the world, similar calls have been made, as exemplified in various chapters
of this book.
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We begin the chapter by presenting STEAM as a research and curriculum agenda.
Subsequently, we explore how religious education (RE) as a school subject may be
situated within STEAM and indeed what might be a common thread among the
respective disciplines underpinning STEAM that warrants the school subjects to be
considered in unison. Argumentation is considered as a cross-cutting theme that can
serve as a common thread. Argumentation is defined as the justification of claims
with reasons and evidence (Toulmin, 1958). Argumentation defined as such can be
considered an inherent aspect of different school subjects such as science, mathe-
matics and RE. Our aim, then, is twofold: (a) to articulate the affordances of argu-
mentation for STEAM education in general, and (b) to explore potential links of RE
within STEAM education in order to broaden the scope of STEAM. The ultimate
purpose is to establish a more holistic and coherent framework for school curricula
across subjects linked across with coherent themes such as argumentation. The dis-
cussion begins with background on RE, particularly in the English context, and then
proceeds to situating RE in STEAM. Our account is mainly theoretical in nature
which can be supplemented with reference to some empirical school-based research.
Hence, the final section will refer to a funded project that aimed to promote collabo-
ration of science and RE teachers in the context of infusing argumentation in their
lessons. The project will provide a concrete example of how RE can be situated
within the STEAM agenda.

12.2 STEAM as a Research and Curriculum Agenda

Despite the flourishing discussion on and implementation of STEAM across the
world, there is little agreement on the exact boundaries of STEAM education. In
particular, the scope of ‘A” remains vague (Colucci-Gray et al., 2017). Some stake-
holders limit the ‘A’ to the narrow meaning of art (i.e., visual arts) (e.g., NAEA,
2017), while others add performing arts such as music and dance, and literary arts
(e.g., Creative Industries Federation, 2015; Haroutounian, 2019). In these views,
STEM subjects tend to be taken as being opposite to the arts by having objective,
logical characteristics and pursuing practical values, contrary to the arts with sub-
jective, imaginative and intuitive enterprise (Haroutounian, 2019). Some research-
ers go even further to take it as encompassing broader humanities (e.g., Lewis,
2015; Yakman & Lee, 2012). This view is well illustrated in the framework of
STEAM education by Yakman and Lee (2012), where the various branches of
STEM disciplines as well as those of humanities and social sciences are integrated
for holistic and lifelong education. Such arguments for integration are gaining
increasing attention in parallel with recent educational theories such as curriculum
integration (Beane, 1997) as well as with the changing landscape of knowledge
production where collaboration across science, engineering, social science and
humanities is emphasised and encouraged (NAS et al., 2005).

This broad meaning of ‘arts’ is also found in the names of university divisions
such as ‘College of Arts and Sciences’ and degree titles such as ‘Bachelor of Arts’.
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In a similar fashion, Ge et al. (2015) also defined STEAM as “the inclusion of the
liberal arts and humanities in STEM education; some STEAM conceptions simply
use the ‘A’ to indicate a fifth discipline area—namely, arts and humanities”. Lewis
(2015) problematises the current STEAM paradigms that position arts and humani-
ties as mere ‘enhancements’ to core STEM knowledge, and instead take STEAM as
a form of tradition in liberal arts education. She suggests that STEAM naturally
promotes using multiple, iterative and collaborative approaches to problem-solving
within a complex learning environment (Lewis, 2015). Such broadening conception
of ‘A’ is in parallel with the recent criticism of neoliberal paradigm of education that
prioritises the economic values over more intrinsic, humanistic aims of education
(Biesta, 2015; Nussbaum, 2010).

The emphasis of the arts is also visible in recent perspectives on STEM educa-
tion that goes beyond arguments about economic growth and attend to the funda-
mental purposes of teaching STEM such as social inclusion, democracy and
sustainability (Chesky & Wolfmeyer, 2015; Colucci-Gray et al., 2019). Consider,
for example, Bybee’s (2010) conceptualisation of STEM literacy with the following
four components:

* Acquiring scientific, technological, engineering, and mathematical knowledge
and using that knowledge to identify issues, acquire new knowledge, and apply
the knowledge to STEM-related issues.

* Understanding the characteristic features of STEM disciplines as forms of human
endeavours that include the processes of inquiry, design, and analysis.

* Recognising how STEM disciplines shape our material, intellectual, and cul-
tural world.

e Engaging in STEM-related issues and with the ideas of science, technology,
engineering, and mathematics as concerned, affective, and constructive citi-
zens. (p. 31)

These capacities, particularly the second to fourth items, clearly indicate that STEM
literacy does not only consist in content knowledge of STEM, but also the human-
istic foundations and contexts that underpin the STEM enterprises. In other words,
humanities and arts are not separate from STEM, but instead are embedded in
diverse aspects of STEM. This means that for the purpose of STEM education to be
fully achieved, relevant humanistic aspects must be addressed alongside (Park et al.,
2020a). An area of research related to the societal context of STEM is what is often
referred to as “socioscientific issues” (SSI). Recognising the inherent, inevitable
association of science and values, SSI researchers have underscored the importance
of infusing moral and social values into science education (Sadler et al., 2006). Such
movement is particularly evident as science educators began to engage in respond-
ing to recent environmental challenges such as climate change (Sharma, 2012), and
also in promoting social justice through STEM education (Bencze, 2017; Erduran
& Kaya, 2016; Yacoubian & Hansson, 2020). These initiatives highlight that inter-
disciplinary thinking across STEM and humanities is essential to tackling the global
problems such as global warming, the Covid-19 pandemic, and the misuse of sci-
ence by political figures and mass media in times of such events.
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It should also be noted that while arguments for STEM education have now
become mainstream, the precise ‘nature’ of STEM itself needs further articulation.
Is nature of STEM a combination of nature of distinct disciplines or is there an
emergent characterisation of STEM? While such fundamental questions are impor-
tant, it is beyond the scope of this chapter to address them. A recent special issue of
the journal Science & Education (Erduran, 2020a) presents several theoretical and
empirical investigations to address such questions which can also be extended to
“nature of STEAM”. Here we narrow down our discussion by returning to the expli-
cation of STEM education by exploring how it may relate to conventionally under-
emphasised school subjects. Although it is encouraging to witness the promotion of
STEAM through infusion into STEM visual arts and humanities subjects, there is
still work to be done in linking other school subjects that may have been ignored in
the STEM-STEAM equation. For example, in England RE is a school subject that
is rarely integrated into STEM projects or referenced in STEAM discussions. The
term ‘religious education’ may invoke a range of ideas in the minds of readers who
come from different cultures and contexts or who may have different experiences of
religious education from their own schooling. For example, RE might invoke
impressions of long-standing debates about evolution versus creationism (e.g.
Thagard & Finlay, 2010) or particular stereotypes about science and religion (e.g.
Mansour, 2015).

In the rest of the paper, we will explore how RE may be situated within STEAM
and indeed what might be a common thread among the respective disciplines under-
pinning STEAM that warrants the school subjects to be considered in unison. The
cross-cutting theme that can serve as a common thread will be referred to as ‘argu-
mentation’ or the justification of claims with reasons and evidence (Toulmin, 1958).
Argumentation defined as such can be considered an inherent aspect of different
school subjects such as science, mathematics and RE. Our aim, then, is twofold: (a)
to articulate the affordances of argumentation for STEAM education and (b) to
explore potential links of RE to STEAM in order to broaden the scope of STEAM
and to be inclusive of different school subjects that are conventionally excluded.
The ultimate purpose is to establish a more holistic and coherent framework for
school curricula across subjects linked with coherent themes such as argumentation.
The discussion begins with background on RE, particularly in the English context,
and then proceeds to situating RE in STEAM. Empirical data are presented from a
funded research project that aimed to promote collaboration of science and RE
teachers in the context of infusing argumentation in their lessons. Data provide a
concrete illustration of how science and RE teachers, as example cohorts within the
STEAM education workforce, regard cross-curricular collaboration.
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12.3 Religious Education: A Potential Component
of STEAM Education?

The interface of science and religion has been extensively studied in the educational
research literature, for example in the context of evolution versus creationism debate
(e.g. Basel et al., 2014) and teachers’ conceptions about particular topics relevant to
the science-religion debate (e.g. Castéra & Clément, 2014). Furthermore, there is
research on science teachers’ views about the science and religion comparison (e.g.
BouJaude et al., 2011; Mansour, 2015). However, very few studies involved both
science and RE teachers in the same study (e.g. McKinney et al., 2014). It is impor-
tant, from an early stage, to explain what is meant by “religious education” (RE).
Considering the relative emphasis of STEM and STEAM education in the research
community contributing to this book, RE is likely to be an unfamiliar topic. Hence,
we refer to nature of RE as a school subject, including the aims and presentation in
curriculum or policy documents. In particular, we will draw on international litera-
ture though we are particularly informed by religious education (RE) in our current
context, England. Two essential points need to be stated to foreground our later
arguments. First is to recognise that RE is present in many school contexts as a
subject in some form or another and therefore represents an opportunity for learning
that is connected with the rest of the school curriculum. The second is that the form
of RE that we are referring to within our overarching argument is one that is diverse
and pluralistic rather than an inculcation into a faith.

Religious Education across various countries can be “bewilderingly different”
and specific to national contexts (Fancourt, 2013, p. 193), but it is still that case in
many countries RE is more than an optional subject of study and its provision is
mandated by legal frameworks (Schreiner, 2009). There are many contexts in which
RE takes the form of an impartial study of religious and non-religious perspectives,
rather than inculturation into a faith (Jawoniyi, 2015). This is, broadly speaking, the
sort of RE that we see within the English school context (Fancourt, 2013). England
is not unique in the international landscape of RE provision in this respect but can
serve as a good example of the sort of RE that we are relating to STEM/STEAM in
this chapter.

In the case of England, there have been, and continue to be, multiple voices at
play in the development of RE policy (Fancourt, 2015). Decision making in RE cur-
riculum is a highly contested and political space (Freathy et al., 2017). Over time,
the nature and terminology of RE has changed in England. In the time of the
Education Act of 1944, it would have been referred to as “Religious Instruction” in
Christianity but evolved to study of diverse religious and non-religious worldviews
by the time of the Education Reform Act in 1988. From then until now, the terminol-
ogy of “Religious Education” has generally been used. Under this umbrella, how-
ever, there has been a changing focus towards more pluralistic approaches and a
rejection of theology as the primary mode of RE—with perhaps the exception of
faith schools (Cush, 1999). The subject of RE has instead drawn on other disciplines
and areas of study in its approach, including philosophy (Hookway, 2002; Hella &
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Wright, 2009), religious studies (Smart, 1989) or social studies more broadly
(Jackson, 1997). Therefore, other terms emerged for this study in schools depending
on these disciplinary perspectives, such as “Religious Studies” or “Philosophy and
Ethics”. This rejection of the utility of theology as a disciplinary approach and other
such changes in the RE landscape continue to be contested and reappraised (Reed
et al., 2013; Freathy & John, 2019). In consideration of future directions of RE, the
Commission on Religious Education (CoRE) Report of 2018 called for new termi-
nology for the subject such as “Religion and Worldviews” to acknowledge a “new
and richer version of the subject... drawn from the academic study of religious and
non-religious worldviews as well as broader social changes in England and glob-
ally” (2018, p. 3). The expression of RE in these terms explicitly expands the bound-
aries of the subject, where worldviews can include non-religious belief systems. It
is not to say non-religious beliefs systems were not considered before, but Hannam
and Biesta (2019) argue that “it puts religion in the wider context of world views,
and thus potentially offers a broader framing for the subject than an exclusive focus
on religion or religious world views would do” (p. 56).

Shifts in these terms, and others, signify shifts in thinking about the purpose of
RE. They appear to capture a continued trend towards the pluralistic values of
respect, tolerance, and appreciation of diverse beliefs. The aims are about under-
standing of one’s own and others’ beliefs or stances, and about developing an ability
to articulate these understandings effectively (CoRE, 2018). There is an acknowl-
edgement that religious and non-religious worldviews will always play a key role in
public discourse on a wide range of topics including social justice, human rights,
sustainability, and many others. In order to live and work together successfully,
people need to understand each other and the worldviews that they bring to that
discourse. Hannam and Biesta (2019) further argue (though critically) that the fram-
ing of RE as the study of worldviews suggests that individuals are sense-making and
meaning-making beings and highlights how religious and non-religious worldviews
play a role in the sense- or meaning-making. In this way, RE becomes a subject to
explore a multiplicity of ways of understanding the world. Freathy and John (2019)
discuss the possibility of the presence of “Big ideas” in the Study of Religion and
Worldviews (SORW) in ways that are analogous to the Big Ideas of Science
Education (Harlen, 2015). These are as follows:

* Encountering religion(s) and worldview(s): Contested definitions and contexts
* Encountering Oneself: Reflexivity, Reflectivity and Positionality

e Encountering Methodologies and Methods: Discernment and Diversity

* Encountering the ‘Real World’: Relevance and Transferability.

This vision of RE (or SORW) is one which foregrounds the multiplicity of episte-
mologies, methodologies, theories, concepts, skills, and subject matter present in
the cognate disciplines of RE including philosophy, theology and sociology (Freathy
et al., 2017; Freathy & John, 2019). Recent analysis of current RE curricula in
England reveals apparent goals of expression of personal views with democratic
goals, deeper epistemic understanding of different disciplinary perspectives, and the
ability to soundly support one’s own positionality while also engaging with the
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positions of others (Chan et al., 2020). Religious education motivated by pluralistic
values is not unique to England. Similar raisons d’étre for RE have been noted
across Western Europe (Jawoniyi, 2015). Thus, RE underpinned by pluralistic
approaches presents potential opportunities to explore and connect across multiple
other subjects within the curriculum irrespective of the national context.

12.4 Contributions of RE to STEAM Education

Building on the significance of the integration of science, technology, engineering
and mathematics with other disciplines such as the visual arts, this section explores
how RE as a school subject framed from the national context of England could be
positioned in wider context of STEAM, particularly with regard to the relationship
between RE and science. From a STEAM education perspective, RE has many
interesting features that could be linked with other subjects. An extended discussion
can potentially explore the synergies as well as inherent differences between the two
subjects in terms of curriculum goals, skills and competencies, intersecting curricu-
lum topics, and pedagogical approaches. In this section, a few of such instances are
visited in order to provide a broad overview of potential overlap between RE and
STEAM, particularly science.

Worldviews Both science and RE are concerned with worldviews, which are “a set
of fundamental beliefs, values, etc., determining or constituting a comprehensive
outlook on the world; a perspective on life” (Oxford University Press, n.d.). Just as
different religions hinge on different views about the world, the scientific commu-
nity commits to a certain set of values about what makes a researchable problem,
reliable methods and worthwhile findings—together constituting a ‘paradigm’ for
research (Kuhn, 1962). Giannetto (2009) illustrated this by interpreting relativity
theory in terms of the conflict among different images of nature, God and their rela-
tionships with humans. In science, worldviews are also a chief curriculum goal,
given the fundamental purpose of scientific activities to make sense of the natural
objects and processes (Matthews, 2009). In RE, A Curriculum Framework for
Religious Education in England (REC, 2013) states as one of its aim that Key Stage
3 (ages 11-14) students should ‘know about and understand a range of religions and
worldviews’ (p. 11). Such an acknowledgement led to the recent announcement of
the statutory change of the subject name from RE to ‘Religion and Worldviews’
(CoRE, 2018). RE curricula are aimed at promoting students’ understanding of the
multiplicity of religions and worldviews, how they relate to culture, society and
politics, and also encourages students to develop their own worldviews (White,
2004; Wright, 1993).

Citizenship 1t has been a core intersecting aim of science and RE to cultivate future
citizens who can understand, use and communicate arguments based on beliefs and/
or evidence. The transition in the fundamental goal of science education from
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training STEM professionals to cultivating scientifically literate citizens occurred
throughout the twentieth century (DeBoer, 1991). As a result, most science educa-
tion curriculum and vision documents today clearly state their aim to serve promot-
ing social justice through cultivating citizenship of individuals (AAAS, 1989;
OECD, 2020; NGSS Lead States, 2013; Royal Society Science Policy Centre,
2014). Scientific literacy is defined as ‘the ability to engage with science-related
issues, and with the ideas of science, as a reflective citizen’ (OECD, 2017, p. 22).
Similarly, the central goal of RE in England during the past three decades has been
centred on achieving religious literacy (Hannam et al., 2020), which constitutes a
core quality of responsible citizens living in multi-religious, multi-cultural and
post-secular society. The citizenship aims of science and RE is becoming particu-
larly important given the rise of interests in environmental justice and biopolitics in
STEAM education (Bazzul, 2016; Carter et al., 2017), which necessarily involves
the interplay of science, society and human lives. Scientific reasoning can poten-
tially facilitate the establishment of democratic participation in society (Erduran &
Kaya, 2016).

Reasoning and Argumentation Students’ reasoning and argumentation skills are a
central concern in both science and RE (Chan et al., 2020). For example, the
National Curriculum for Science in England suggestions that students should expe-
rience “making decisions based on the evaluation of evidence and arguments” (DfE,
2015, p. 57). An English RE curriculum document states that students should
develop ‘widely informed and detailed arguments about beliefs, ethics, values and
issues, drawing well substantiated conclusions’ (Lambeth, 2015, p. 21). One exam-
ple that shows how infusing the RE perspective can enrich argumentation in science
comes from the different types of claim and evidence. Studies have reported that
students tend to identify religious content as ‘just opinion’ as opposed to scientific
knowledge based on solid evidence (Cooling, 2012; Easton, 2019). These ‘opin-
ions’ sometimes may not be based on empirical grounds but on the authorities such
as the bible. Students can be asked in RE to not only “learn about sacred texts” but
also to “consider their meanings and interpretation” (Lambeth, 2015, p. 12) or to
consider “different sources of authority and how they inform people’s beliefs, val-
ues and action” (Norfolk, 2012, p. 43). In addition, scientists usually make factual
and descriptive claims, whereas religious claims tend to be normative and prescrip-
tive. Such simplistic divide between scientific argumentation as fact-based and reli-
gious argumentation as opinion-based can be problematic given many decisions in
one’s individual and social life necessarily may involve both types of reasoning.

Critical Thinking Within the growing international movements focusing on skills,
there is increasing emphasis on preparation for a rapidly changing world that is
characterised by digital societies and knowledge economies. Within this framework,
skills such as critical thinking is positioned as being essential by educators, business
leaders, academics and governmental agencies alike. For instance, the OECD has
been advocating the importance of critical thinking in contemporary societies glob-
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ally (OECD, 2019). Critical thinking is often considered to include mental processes,
strategies and representations that are needed to solve problems and make decisions:

Critical thinking is the use of those cognitive skills or strategies that increase the probabil-
ity of a desirable outcome. It is used to describe thinking that is purposeful, reasoned, and
goal directed—the kind of thinking involved in solving problems, for- mulating inferences,
calculating likelihoods, and making decisions, when the thinker is using skills that are
thoughtful and effective for the particular context and type of thinking task (Halpern,
2014, p.8).

Defined as such, critical thinking is a mode of thinking that can apply not only to
science and RE but more broadly in practically all school subjects. The particular
differences across school subjects in terms of how critical thinking is instantiated
might exist for instance, between history, art, music, science, mathematics, techno-
logical studies and vocational studies (Bailin et al., 1999).

Curriculum Topics Many problems in contemporary society require decisions that
involve disciplinary knowledge of STEM as well as social and ethical consider-
ations, collectively amounting to questions for STEAM. Yet, analyses of numerous
curricula from around the world illustrate a significant deficit in relation to content
focusing on the social-institutional aspects of science (Park et al., 2020a). For exam-
ple, science curriculum documents from Turkey (Kaya & Erduran, 2016), Taiwan
(Yeh et al., 2019) and Ireland (Erduran & Dagher, 2014) as well as science text-
books from South Korea (Park et al., 2020b) and Australia (MacDonald, 2017)
place minimal emphasis on the social context of science. The current Covid-19
pandemic is a case in point for why it is important to broaden the curriculum to pres-
ent science in context. Erduran (2020b) argues that science (e.g. virus, models) and
mathematics (e.g. graphs, probability) are very directly linked to the pandemic.
However, social sciences such economics (e.g. risk, cost-benefit) and sociology
(e.g. ethnicity) are also fairly closely associated with how the pandemic needs to be
addressed. Indeed, the Covid-19 pandemic is an example that demonstrates how
cross-curricular meaning-making is essential. Erduran (2020b) illustrates how com-
paring the Covid-19 pandemic to past pandemics (i.e. history), dealing with the
grief of losing loved ones and seeking meaning in the tragedy (i.e. religious educa-
tion), using technology for production of PPE, work, learning and family (i.e. com-
puter and information technology are some illustrations of science as situated in a
complex array of contemporary issues. School curriculum topics, then, can be
examined in a coherent manner across different school subjects in order to maxi-
mise students’ understanding of complex societal problems.

Pedagogy 1t has been argued that teachers’ ability to promote and facilitate class
discussions on controversial issues is essential in socially relevant education
(Levinson, 2006; Hand & Levinson, 2012). However, science teachers have been
found to experience problems with enacting student-centred lessons when address-
ing issues with social and ethical aspects (Bossér et al., 2015), and also using peda-
gogical techniques in dealing with sensitive and controversial topics (Ratcliffe &
Millar, 2009). These difficulties indicate that the pedagogical skills and methods for
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science are often insufficient to be applied for teaching SSIs and environmental
issues that are of rising societal importance. It is in this sense that examining how
RE teachers and researchers approach such issues can enrich STEM teaching and
learning, given that plurality, diversity and controversy are at the heart of post-
secular RE (Jackson, 2004; Skeie, 2009). For example, Erduran et al. (2020) study
with teachers in England found that RE teachers use pedagogical strategies such as
group discussion, debate and valuing different positions more frequently than sci-
ence teachers. By dialoguing with pedagogical approaches across school subjects,
theories and practices in STEM education can potentially improve in addressing
urgent issues of our time.

The preceding discussion has provided a rationale for how RE can be considered
in relation to STEM and STEAM education broadly and science in particular.
Curriculum goals such as critical thinking skills; competencies such as argumenta-
tion or evidence-based reasoning; cross-curricular topics such as the current
Covid-19 pandemic; and pedagogical approaches such as group discussions all
point to why it is important to consider RE in STEAM education discussions. There
may be many other instances of overlap for cross-curricular themes in broadening
of the STEAM agenda (e.g. problem-solving, socio-scientific issues). We will focus
on argumentation because this is an area where our team has been pursuing school-
based research and development in order to broaden teachers’ and students’ experi-
ences with STEAM related issues. We can thus provide some empirical insight
along with theoretical arguments for how RE can contribute to the STEAM agenda.
In the next section, then, we focus on argumentation as a cross-cutting theme in
order to illustrate cross-disciplinary links between RE and STEAM.

12.5 Argumentation: A Cross-Cutting Theme
for Cross-Disciplinary Links in RE
and STEAM Education

Characterisation of ‘argumentation’ as the justification of claims with evidence and
reasons is fairly common. Often, the underpinning theoretical construct is Toulmin’s
(1958) argumentation model which has been widely used as a methodological tool
for analysing argumentation in science education (e.g. Erduran et al., 2004; Jimenez-
Aleixandre et al., 2000). For example, Toulmin’s argumentation pattern (TAP)
enabled researchers to do quantitative analyses of classroom discourse in terms of
the statistical comparison of TAP cluster frequencies in terms of claims, data, war-
rants, backings and rebuttals (Erduran et al., 2004). Another methodological tool for
analysing arguments is the use of Walton’s (1996) argumentation schemes for pre-
sumptive reasoning. Walton (2001) explained the nature of presumptive reasoning
as follows:

1t is merely a presumption, as opposed to a proved fact. A presumption then is something
you move ahead with, for practical purposes, even though it is not known to be true at the
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present time. It is a kind of useful assumption that can be justified on practical grounds, in
order to take action, for example, even though the evidence to support it may be insufficient
or inconclusive. Presumption and plausibility are both concerned with the practical need to
take action, or to provisionally accept a hypothesis, even though the evidence is, at present,
not sufficient to prove the hypothesis beyond doubt, or show it is known to be true (p. 155).

Furthermore, Walton states that the justification for presumptive reasoning is that
“despite its uncertain and inconclusive nature, it moves a dialogue forward part way
to drawing a final conclusion, even in the absence of evidence for proof at a given
point” (Walton, 2001, p. 156). Both Toulmin’s and Walton’s frameworks can poten-
tially apply in various ways to characterising argumentation in science, RE and
more widely in STEAM education.

Science, technology, engineering and mathematics are distinct disciplines in
their own right and have differing sets of aims and practices (Park et al., 2020a, b).
However, there may be several aspects of these domains that span them, such as the
use of argumentation. Professionals in STEM disciplines would all be engaged in
particular forms of reasoning that demand the consideration of reasons and evi-
dence. Whether the issue is about design of flood drainage systems, production of
renewable energy or building earthquake resistant structures, STEAM professionals
are in a position to propose solutions and justify these solutions with credible evi-
dence and reliable strategies to problem solving. In other words, argumentation as
defined by evidence-based reasoning or justification of knowledge claims (Toulmin,
1958) with reasons and evidence underpins reasoning in STEM. In this sense, it can
be considered a cross-cutting theme that is an inherent aspect of reasoning in
STEAM disciplines.

Although argumentation can be a cross-cutting theme, it should also be high-
lighted that there may also be specific aspects of arguments as they are instantiated
in a particular discipline. For example, in the case of science and mathematics, there
are different accounts of framing of arguments. In the case of mathematical argu-
ments, are typically discussed as proof strategies (Pedemonte, 2007) and deductive
inferences (Aliseda, 2003). Argumentation in mathematics may also be character-
ised in terms of persuasive discussion (Zack & Graves, 2001). In the case of science,
there can be claims about a range of issues including not only scientific knowledge
but also the processes by which scientific knowledge is generated. Similarly, in the
case of mathematics, technology and engineering claims can be made about a par-
ticular mathematical equation, an approach to industrial design and the suitability of
digital technologies in solving particular problems. For example, many contempo-
rary global problems such as the Covid-19 pandemic and issues of sustainability
and environmental protection are underpinned by arguments to justify how to
address these complex problems from a multitude of perspectives. Hence, there is a
need for both research and professional development to support the integration of
argumentation across and between STEAM subjects/disciplines.

The Oxford Argumentation in Religion and Science (OARS) project is an exam-
ple of such ongoing professional development and research. In the next section, we
provide a brief account of this project and offer some insights into the value that can
be gained from research and development efforts that focus on common goals across
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the STEAM agenda and the wider school curriculum. The project focuses on sci-
ence and religious education. Although the project is inclusive of STEAM themes
in relation to lesson activities, the participants in the project are science and RE
teachers. The choice of focus on science teachers was due to logistic in accommo-
dating the scale and funding aspects of the project. It is possible that a subsequent
project could be designed to extend the model of professional development in the
project to include cohorts of mathematics, technology and engineering. In the next
sections, we provide an overview of the project and present some empirical data on
how science and RE teachers viewed cross-subject collaboration.

12.6 Oxford Argumentation in Religion and Science Project

The 3-year-long OARS project is funded by the Templeton World Charity Foundation
as part of the Big Questions in Classrooms Initiative and is based in the Department
of Education at the University of Oxford (Chan & Erduran, 2023; Erduran et al.,
2019, 2022; Godfrey & Erduran, 2021; Guilfoyle & Erduran, 2021; Park et al.,
2022). The project is designed to work with pairs of RE and Science teachers from
15 schools to explore the possibilities for teaching argumentation at the interface of
these two school subjects. The project involves structured collaborative professional
development for teachers of both subjects and pre-post data collection with partici-
pating teachers and their students, to better understand the impact of the profes-
sional development. Although there are some examples of collaboration between
science and RE teachers (e.g. McKinney et al., 2014), such collaboration tends to be
fairly rare. Hence a broader goal of the project is to explore how traditionally dispa-
rate subjects in the school curricula can be brought together through the lived expe-
riences of teachers through professional development.

The project is guided by the principle that argumentation can ultimately contrib-
ute to students’ critical thinking skills and situating argumentation as a common
denominator across school subjects can begin to bring focus to the elusive notion of
“critical thinking skills” that is included in many school curricula. As Baillin et al.
(1999) argue,

Teaching critical thinking is best conceptualized not as a matter of teaching isolated abili-
ties and dispositions, but rather as furthering the initiation of students into complex critical
practices that embody value-commitments and require the sensitive use of a variety of intel-
lectual resources in the exercise of good judgement (p. 299).

A six-session professional development programme was designed for participating
teachers; the project is ongoing at the time of writing with four workshops com-
pleted to date. Due to the emergence of the Covid-19 pandemic, it was not possible
to implement the remaining two workshops. Other limitations have involved the
heavy workload of the teachers where they were not able to leave school for a larger
chunk of time to attend the workshops at the university. While we recognise that this
is a limitation in terms of recommendations for effective professional development
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(Darling-Hammond et al., 2017), it is nevertheless a realistic and practical approach
to working with in-service teachers. Teachers were recruited from local schools in
pairs or sometimes groups. It was considered fundamental to the success of the
project that teachers from both subjects would join the project together from the
same school as the collaboration between these subject areas is a particular focus.
Sessions lasted 1.5 h and were hosted in the University after school time. The pro-
fessional development recognised that teachers were experienced practitioners with
expertise to offer about the nature of their subject. The sessions focused on support-
ing students in learning how to make complex judgements in science, RE, and on
issues where these subjects may overlap (Erduran, 2020).

Teachers worked together to examine the curricula of both subjects to understand
not only the opportunity for argumentation within their own subject, but within the
‘other’ subject as well. This afforded teachers the chance to better understand their
colleague’s subject and to seek out areas of difference, similarity, overlap or com-
plementarity. Teachers and researchers shared practice and discussed various peda-
gogical strategies for supporting argumentation within and across subjects. Together,
teachers constructed plans for how they could collaborate to further student’s abili-
ties of argumentation in feasible ways within their specific school contexts. Some
key principles, based on what is known about quality professional development (e.g
Garet et al., 2001; Darling-Hammond et al. 2009, 2017), guided the design and
implementation of the professional development experience in the OARS project.
First, collaboration was a fundamental component. Collaborative relationships were
fostered (a) in the pairs or groups of teachers who were working together within
schools, (b) among the cohort of teachers across all participating schools, and (c)
between the teachers and the project team. There was an explicit recognition of
distributed expertise (Childs et al., 2014), where everyone involved had something
to offer, but also that each person was learning outside of their area of expertise
because of the interdisciplinary nature of the project.

A second core principle, then, was to establish a culture of charitable interpreta-
tion and not to take offence if someone misspoke outside their area of expertise.
Such errors would be seen as a key element of the learning process and of building
mutual understanding. Third, each session of the professional development was
designed to relate to and reflect on teachers’ own experiences, coherently follow up
on previous learning, but also explicitly build in new learning on each occasion.
Fourth, engagement needed to be manageable but sustained. During the interim
periods between sessions, there were ongoing tasks on which teachers could col-
laborate. These were designed to be immediately applicable to practice and addi-
tional support was made available from the project team. Ideally, professional
development should not add to teachers’ workload (Hargreaves, 1994) and this
ambition was a prominent design concern for OARS. We understood that the col-
laboration being advocated in the programme would not occur naturally and is
therefore, by definition, an additional task for teachers. However, the programme
modelled how these engagements could be mutually beneficial and might minimise
other aspects of workload (for example, planning time could be reduced by sharing
expertise and resources). Finally, an online community was utilised in an effort to
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build and maintain a community (Lantz-Anderson et al., 2018), and to provide help-
ful resources that teachers could adapt or adopt.

12.7 Teachers’ Reflections About Cross-Curricular
Collaboration in the OARS Project

Project OARS teachers were interviewed in order to develop some understanding of
how they viewed the work of the project. Both science and RE teachers mentioned
an array of issues in relation to cross-curricular collaboration. Table 12.1 illustrates
some example data showing the value of cross-curricular research and development
from teachers’ points of view. The themes raised by the teachers concern issues
such as relevance for the curriculum, the broadening of the subject knowledge, the
value of argumentation as a skill, the role of cross-subject teaching in enhancing
students’ confidence and their own reflections illustrating how the project has
impacted them as teachers. The teachers explained how the initial collaborative dis-
cussions facilitated in workshops were particularly useful in understanding the
extent to which the subjects sought to address similar aims and addressed similar
curriculum topics. Teachers specified the potential benefits that were emerging in
terms of bringing coherence across a curriculum that was utilising similar skills in
different subjects but with often different terminology. The value of cross-curricular
work between science and RE was considered by the teachers who viewed such
work as engaging students in a more holistic and realistic view of knowledge. That
is to say, students could be to see that real-world problems are not often compart-
mentalised by subject area but require complex multifaceted understanding.

Teachers of both subjects, across multiple schools, agreed in that a goal of their
collaboration would be to better equip students with confidence about their own
position on issues or worldview. Both science and RE teachers were also motivated
by the ambition to address and develop students’ capacities for critical thought and
justification of knowledge claims. The skill of argumentation in multiple contexts
was thought to be advantageous in terms of fostering students’ confidence to develop
and support their own views. What is particularly illuminating in the teachers’
reflections on their initial collaborative engagement with the ‘other’ subject is that
they stated how little they knew about their colleagues’ efforts to achieve the same
goals. Teachers were often surprised by the extent to which the other subject was
addressing similar skills or topics, and this opened their eyes to potential comple-
mentarity in their work.

These examples offer insight into the ways in which value can be gained from a
focus on common goals across the STEAM agenda and the wider school curricu-
lum, particularly in this case between the subjects of science and RE. They indicate
that teachers, once put into professional collaboration on the topic of argumenta-
tion, saw clear synergies between the activities and goals of their respective subject.
The teachers were able to identify clear benefits to working in more complementary
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Table 12.1 Science and RE teachers’ reflections about cross-subject collaboration

Theme

Example quotes

Relevance
for
curriculum

Because I think I haven’t been exposed to that much cross curricular
collaboration. But as soon as, think, from probably the first workshop, after we
discussed how argumentation can be used in science and in religion, I did actually
realize that there is a fair amount of,... there are cases in the science curriculum
where we discuss things to do with religious education or to do with history or
geography. And actually, I hadn’t thought about it in terms of it being part of
other subject, because it was on the science curriculum. So, I think it has changed.
I think I have become much more aware there is a lot more overlap between the
science curriculum and other subjects than I actually think I originally thought.
(SchoolG-Science)

[ think it’s quite an exciting thing to do. I mean, certainly, I don’t think we’ve ever
had any collaboration with science, which is strange to some degree, because
there is quite a lot of overlap. And children often say yes, but science has proved
all of this wrong. And they’ll come out with it. They can’t explain how. They’ll go:
‘But science has they know it has!’ And if you ask for an example, they sort of
clam up. And I think it’s quite interesting, because I suppose the traditional view
is they’re quite different subjects. But it’s quite exciting to sort of find where that
overlap is, and to see what collaboration we can have. (School B-RE)

Holistic
knowledge

It’s getting them to understand that the, you know, that compartmentalization
knowledge isn’t really a factor or a feature of the real world, is it sort of a
function of school timetables? (SchoolR-Science)

So, suppose the students are starting to see knowledge in a broader sense, rather
than just compartmentalized. They start to see that subjects feed into each other.
(SchoolM-RE)

Importance
of justifying
claims

Does that evidence actually backup that claim? Because we get a lot of claims...
And that’s a really valuable thing, I think, for students to take away from their
education, because then they re presented with a vast number of claims, and
mostly through social media, there’s a huge number of completely invalid claims.
[RE: And irrelevant as well], supposedly, with evidence and yet it doesn’t back it
up. So, students being able to pick out. (SchoolC-Science)

And being able to see that the evidence that is being quoted is irrelevant to the
claim that is being made... that skill of spotting it, I think, is a skill. I think for a
lot of people they are just kind of nodding when they hear things. (SchoolC-RE)

Enhancing
student
confidence

So that would be my primary context... is to give people more confidence in being
able to articulate and self-articulate, articulate themselves, what they really
believe to be true. (School R- Science)

I’d want them to have the confidence because they have the skills to be able to do
that, to create an argument. A lot of them don’t express opinions, because they
haven’t been able to really formulate a judgment on anything (SchoolC-RE)
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Table 12.1 (continued)

Theme Example quotes

Reflecting | I think if nothing else, it’s made me think harder, and see the possibilities of links
on own between science and humanities in ways I might not have considered. And
learning particularly with RE, it’s not a subject that springs to mind as ‘Oh, yes, there’s a
really close link there’. And yet the more discussions we have, the more I can see
actually there’s possibilities there. And that’d be great. Because it might go some
way to overcoming that age old, sort of false contrast that things are either...
there are scientific things, and there’s religious things, and never the twain shall
meet. (SchoolC- Science)

For me, I think just in as much as what the workable links are, you know, it’s not
something I've ever really paid attention to. And then I think some of those links
are, if you think about them, fairly straightforward, but I just never really spent a
lot of time thinking about them. And therefore, I think it has really made me think
about those opportunities. (SchoolC— RE)

ways to achieve their common goals, and to bringing an enhanced coherence to
students’ school experience through more holistic cross-curricular approaches.

12.8 Conclusions and Discussion

In this chapter, we argued for the broadening of the scope of STEAM to include
conventionally overlooked and understudied school subjects such as RE. First, we
outlined STEAM as a research and development agenda, and illustrated how the
inclusion of RE as a school subject is warranted within this agenda. Given the rela-
tive lack of emphasis on RE in STEM and STEAM efforts, we reviewed how RE
can potentially be integrated into STEAM efforts and what the benefits of such
inclusion might be. Having provided an overall rationale for the inclusion of RE in
STEAM education, we then focused on one particular topic that can serve as a
cross-cutting theme in STEAM education broadly and more specifically between
science education and RE. In other words, we have illustrated the relevance of RE
for STEAM education by focusing on how argumentation relates to both science
education and RE. Having established a theoretical basis for the inclusion of RE in
STEAM education in the context of argumentation, we then illustrated some empir-
ical findings from a research project that aimed to foster cross-subject collaboration
in RE and science education. The outcomes from teachers’ collaboration suggested
that teachers could see the benefit of including the other subject in their own les-
sons. This observation provides evidence for the utility of inclusion of RE in
STEAM education efforts.

As the whole scope of this book illustrates, integrated approaches to curriculum
and teaching is now fairly urgent given the traditional subject-based teaching is
insufficient for tackling the new challenges we are faced with in fast-changing soci-
ety. The Covid-19 pandemic has already illustrated very explicitly STEM cannot be
divorced from its societal context. At a time when global numbers of people dying
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from the disease is demanding not only scientific but also economic, ethical and
social solutions, it is imperative to ensure that students are well equipped with skills
that will enable them to cope with their everyday lives as well as their future careers.
The OARS project described in the chapter provides an example where cross-
subject teaching can be established with a particular focus such as argumentation.
The data emerging from the project teachers’ views on the collaboration are encour-
aging. Broadening the STEAM and STEM agendas in schools will ensure that
teachers as well as students develop habits of mind that relate to certain predisposi-
tions or values that a person has, and which might include “respect for evidence and
reasons” and “open-mindedness” that are critical in all school subjects. RE is par-
ticularly strong as a school subject in raising students’ awareness about different
value systems and thus, it can potentially provide students with a toolbox of ways of
thinking that extends and enriches their understanding of STEAM.
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